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Ethnopharmacological  relevance:  Scutia  buxifolia  has  been  widely  used  in Brazilian  folk  medicine  as  an
anti-hypertensive  agent.
We  evaluated  the  vascular  effects  and  mechanism  involved  in  the  relaxation  of aorta  induced  by  an
n-butanolic  fraction  (BuOH)  from  Scutia buxifolia.
Materials  and  Methods:  Rat  aortic  rings  precontracted  by phenylephrine  (1  M)  were  exposed  to  cumu-
lative  concentrations  (3–3000  g/ml)  of  crude  extracts  or fractions  obtained  from  bark  or  leaves  of
Scutia  buxifolia.  Classical  receptor  antagonists,  channel  and  enzymatic  inhibitors  were  used  to  check
the mechanisms  involved.
Results:  The  crude  extracts  of  both  leaves  and  bark  of Scutia  buxifolia,  as  well  as several  fractions,  were
able to induce  partial  or total relaxation  of rat  aortic  rings.  The  BuOH  fraction  of  bark  of Scutia  buxifolia
was  the  most  potent  in  endothelium-intact  (E+)  preparations,  and  also  induced  a partial,  but  very  signif-
icant relaxation  in endothelium-denuded  (E−)  vessels.  The  non-selective  nitric  oxide  synthase  inhibitor
L-NAME,  as  well  as  the  soluble  guanylate  cyclase  inhibitor  ODQ,  vanished  the  relaxation  in E+.  In E−
preparations,  K+ channel  blockers,  such  as  tetraethylammonium,  glibenclamide,  4-aminopyridine,  and
the large-conductance  calcium-activated  K+ channel  blocker  iberiotoxin,  were  able  to signiﬁcantly  reduce
the maximum  relaxation  elicited  by BuOH  fraction.
Conclusion: Our  results  demonstrated  that  BuOH  fraction  obtained  from  barks  of Scutia  buxifolia
induced  both  endothelium-dependent  and  -independent  relaxation  in rat aortic  rings.  The  endothelium-
dependent  relaxation  is fully  dependent  on NO/cGMP  system,  while  direct  activation  of K+ channels  may
explain,  at least  in part, the endothelium-independent  relaxation  induced  by  BuOH  fraction  of  Scutia
buxifolia.Abbreviations: ACh, acetylcholine; AcOEt, ethyl acetate fraction; BKCa, large con-
uctance Ca2+-activated K+ channel; BuOH, butanolic fraction; cGMP, guanosine
′ ,5′-cyclic monophosphate; DCM, dichloromethane fraction; GLI, glibenclamide;
bTX, iberiotoxin; L-NAME, N-nitro-l-arginine methyl ester; NO, nitric oxide; ODQ,
H-[1,2,4]oxadiazolo[4,3-a]quinoxalian-1-one; PE, phenylephrine; PSS, physiolog-
cal  saline solution; TEA, tetraethylammonium.
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1. Introduction
Scutia buxifolia Reissek (Rhamnaceae), popularly known in
Brazil as “coronilha”, is a native tree of Southern Brazil, Uruguay
and Northern Argentina. In these regions, an aqueous infusion pre-
pared with stem bark of Scutia buxifolia has been described and
widely used in folk medicine for diuretic and antihypertensive pur-
poses (Wasicky et al., 1964). Phytochemical screening of fractions
of bark of Scutia buxifolia revealed the presence of cyclopeptide
alkaloids (Maldaner et al., 2011), polyphenols and ﬂavonoids in
Open access under the Elsevier OA license.fractions from leaves and stem bark of Scutia buxifolia (Boligon et al.,
2012, 2009a, 2011). Among the few studies that were conducted,
alkaloids isolated from Scutia buxifolia displayed in vitro antimicro-
bial activity (Menezes et al., 1995; Morel et al., 2005; Maldaner
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t al., 2011), while polyphenols and ﬂavonoids were associated
ith antioxidant and antymycobacterial activity (Boligon et al.,
011, 2009b).
Despite its traditional usage, there is a lack of data supporting or
efuting the anti-hypertensive properties of Scutia buxifolia. Hyper-
ension is one of the most prevalent cardiovascular diseases around
he world. As a chronic disease, untreated hypertension can lead to
everal complications, such as stroke, heart failure and kidney dys-
unction. The current pharmacological treatment of hypertension
ncludes a range of drugs acting on vessels, heart, central nervous
ystem and kidneys. Independently of the molecular mechanism
nvolved (e.g. inhibiting the renin–angiotensin–aldosterone sys-
em, blocking adrenergic receptors) the therapeutic aim is reduce
ystolic and diastolic arterial pressure to more physiological and
ess dangerous values. Unfortunately, a number of people suffer-
ng from hypertension do not have its arterial pressure efﬁciently
educed by current antihypertensive drugs, even when multidrug
herapy is adopted (for review see Mancia et al., 2007). In this way,
eveloping new pharmacological tools may  help to improve the
linical management of hypertension.
Since the vascular effects of Scutia buxifolia have never been
nvestigated, in this work we studied the effects of its crude extracts
f bark and leaves, as well as their fractions, when directly applied
n arterial vessels. We  highlighted that both the extract and all
ractions obtained from Scutia buxifolia were able to cause relax-
tion of rat aortic rings by mechanisms involving both nitric oxide
roduction and direct activation of K+ channels.
. Materials and methods
.1. Plant material, obtainment and fractionation of the crude
xtract
Stem bark and leaves of Scutia buxifolia used in our study were
ollected in Dom Pedrito, a city in the state of Rio Grande do
ul (Brazil), where this plant is popularly used in the treatment
f hypertension. A voucher specimen is deposited in the herbar-
um of the Department of Biology from Universidade Federal de
anta Maria (Santa Maria, Brazil) cataloged under number SMBD
0919.
The collected leaves and stem bark were completely dried in
pen air and the material was crushed and milled. The crude extract
as obtained by maceration in hydroalcoholic solution (EtOH:H2O
:3, v/v), using a container covered with the solvent. The mash
as daily subjected to manual agitation for seven days. To remove
thanol, at this time the content was ﬁltered through cotton and
oncentrated using a rotating evaporator under reduced pressure
t a low temperature. Following evaporation of ethanol, the crude
xtract of leaves or bark were partitioned by sequential extrac-
ion using solvents with increasing polarity: dichloromethane
DCM), ethyl acetate (AcOEt), and n-butanol (BuOH). Detailed
escription of preparation and characterization of extracts and
ractions, as well as phytochemical screening of the fractions
ave been previously published (Boligon et al., 2012, 2009a,
010).
.2. Animals
Male Wistar rats (200–280 g) were obtained from the colony of
niversidade Federal do Paraná (UFPR, Brazil). The animals were
ept under standard laboratory conditions, with a constant tem-
erature (22 ± 1 ◦C), and a 12 h light/dark cycle with free access
o food (Nuvital®, Curitiba/PR, Brazil) and water. The Institutional
thics Committee from UFPR approved the procedures and proto-
ols adopted in this study (authorization number 454).opharmacology 141 (2012) 997– 1004
2.3. Drugs
Phenylephrine hydrochloride, acetylcholine chloride, N-
nitro-l-arginine methyl ester (L-NAME), indomethacin, atropine,
tetraethylammonium (TEA), glibenclamide, 4-aminopyridine,
1H-[1,2,4]oxadiazolo[4,3-a]quinoxalin-1-one (ODQ), iberiotoxin,
pyrilamine, histamine, and HOE-140, were purchased from Sigma
(St. Louis, MO,  USA). Stock solutions of glibenclamide and ODQ
were dissolved in dimethyl sulfoxide (DMSO). Indomethacin was
dissolved in sodium bicarbonate (0.5%). All other drugs were
prepared in freshly saline solution.
2.4. Preparation of aortic rings and tension measurement
The animals were killed under anesthesia and the thoracic aorta
was quickly removed and placed in recipients containing physio-
logical saline solution (PSS; pH 7.4; composition in mM:  NaCl 115.3,
KCl 4.9, CaCl2·2H2O 1.46, KH2PO4 1.2, MgSO4 1.2, d-glucose 11.1,
NaHCO3 25), at 37 ◦C. The aorta was dissected from adhering fat
and connective tissues and sliced into rings (3–4 mm in length).
The isolated aortic rings, with or without functional endothelium,
were kept in organ baths containing 2 ml  of PSS under a resting
tension of 1 g, maintained at 37 ◦C and continuously aerated with
95% O2 and 5% CO2. An interval of 60 min  was  respected for stabi-
lization in the beginning of the experimental protocol, as well as
between each set of exposition to drugs. The presence of endothe-
lium was conﬁrmed when the relaxation induced by acetylcholine
(1 M)  in phenylephrine (1 M)  pre-contracted preparations was
greater or equal to 80%, while only rings that did not relax when
exposed to ACh were considered without endothelium. Changes in
isometric tension were recorded using a MacLab® recording sys-
tem (MacLab/8) and its application program (Chart, v 4.1 for Mac),
both from ADI Instruments (Castle Hill, Australia).
2.5. Experimental protocols
2.5.1. Investigation of vascular effects of crude extracts and
fractions of Scutia buxifolia
After the stabilization period, aortic rings with or without func-
tional endothelium were contracted by phenylephrine (PE; 1 M),
and in the tonic phase of contraction were incubated with cumula-
tive concentrations (3–3000 g/ml) of the crude extracts of bark or
leaves of Scutia buxifolia, or the fraction obtained by DCM, AcOEt, or
BuOH extraction. Each vessel was exposed to a single extract or frac-
tion. In order to investigate a potential deleterious effect promoted
by exposition to crude extracts or fractions on vascular function-
ality, after recording their effects on vascular tone the baths were
washed and the rings were allowed for a new resting of 60 min,
when the contraction and relaxation induced by PE and ACh were
measured again.
2.5.2. Evaluation of the role of membrane receptors and
endothelial mediators
Comparing the results obtained in the initial experiments devel-
oped in this study we found that BuOH fraction obtained from barks
of Scutia buxifolia was  the most efﬁcient to relax PE-contracted rat
aortic rings with functional endothelium, and also induced par-
tial relaxation in endothelium-denuded vessels (see Table 1). For
this, the subsequent experiments were conducted using the BuOH
fraction.
In this set of experiments, endothelium-intact rat aortic rings
were pre-incubated with atropine (1 M,  a muscarinic receptor
antagonist), HOE-140 (1 M,  B2 bradykinin receptor antagonist
of), or pyrilamine (10 M,  an histamine H1 receptor antago-
nist), L-NAME (100 M,  a non-selective NO synthase inhibitor),
ODQ (10 M,  an inhibitor of the soluble guanylate cyclase), or
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Table 1
Vascular relaxation induced by fractions obtained of crude extracts of bark and leaves of Scutia buxifolia.
Fractions [g/ml] 3 5 10 30 50
Bark
AcOEt E+ (9) 10.9 ± 5.3 22.6 ± 7.4 34.9 ± 11.1* 65.8 ± 6.2*** 73.8 ± 4.9***
AcOEt E− (11) 27.2 ± 8.9* 42.7 ± 10.3** 44.3 ± 9.6** 56.2 ± 8.6*** 58 ± 7.7***
BuOH E+ (9) 38.8 ± 11.3* 59.7 ± 10.5*** 72.1 ± 9.0*** 92.1 ± 6.7*** 94.2 ± 7.3***
BuOH E− (7) 4.3 ± 3.1 11.1 ± 6.0* 22.9 ± 9.0** 40.6 ± 7.2*** 44.3 ± 7.8***
DCM E+ (9) 29.5 ± 10** 47.1 ± 11.2*** 63.7 ± 10.6*** 76.1 ± 7.7*** 85.2 ± 4.3***
DCM E− (12) 14.2 ± 5.9 18.2 ± 6.5 23.7 ± 7.4* 43.3 ± 7.3*** 55 ± 7.9***
Leaves
AcOEt E+ (11) 16.2 ± 9.5 34.9 ± 11.9* 43.9 ± 10.4 71.1 ± 7.5*** 83.9 ± 4.2***
AcOEt E− (11) 7.5 ± 6.4 12.2 ± 7.5 17.0 ± 7.7 32.5 ± 8.9* 42.1 ± 9.7**
BuOH E+ (8) 20.7 ± 13.3 32.9 ± 13.7* 66.6 ± 13.5*** 89.6 ± 6.8*** 91.4 ± 5.7***
BuOH E− (10) 18.5 ± 9.4 27.7 ± 10.6 33.8 ± 10.8 54.1 ± 9.4*** 62.3 ± 7.7***
DCM E+ (6) 2.3 ± 1.8 3.6 ± 2.3 7.7 ± 3.4 8.2 ± 3.7 9.9 ± 3.4
DCM  E− (6) 0.1 ± 0.0 0.2 ± 0.2 0.0 ± 2.8 0.0 ± 2.8 3.6 ± 1.2
The values show the mean ± S.E. of mean of the relaxation (%) obtained for each fraction in PE-contracted rat aortic rings. The experimental n for each group is shown in
parenthesis. E+ and E− indicate endothelium-intact and endothelium-denuded preparations, respectively. DCM: dichloromethane fraction; AcOEt: ethyl acetate fraction;
BuOH:  n-butanolic fraction. Statistical analyses were performed by means of the one-way analysis of variance (ANOVA) followed by t test subjected to Bonferroni’s correction.
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ndomethacin (1 M,  a cyclooxygenase inhibitor), 15 min  prior the
ddition of PE (1 M)  into the bath. The relaxation induced by ACh
1 M),  histamine (10 M),  and bradykinin (10 M) in the presence
f their respective antagonists was evaluated to conﬁrm the efﬁ-
acy of our protocol. Time-matched controls were not exposed to
ny inhibitor. After stabilization of the contraction induced by PE,
he relaxation induced by BuOH fraction of barks of Scutia buxifolia
as evaluated through addition of cumulative concentrations (3, 5,
0 and 30 g/ml).
.5.3. Assessment of inﬂuence of BuOH fraction on vascular
ontraction
For these experiments endothelium was gently removed by rub-
ing the intimal surface. After stabilization in PSS, the BuOH fraction
f bark of Scutia buxifolia was added inside the organ baths at 10, 30,
r 100 g/ml for 15 min  when, without washing out, a cumulative
oncentration–response curve to PE (1 nM to 30 M)  was obtained.
he effects of PE were compared with those obtained in control
xperiments, subjected for the same protocol without incubation
f BuOH fraction.
.5.4. Evaluation of the role of calcium in the vascular effects of
uOH fraction
To investigate the importance of calcium uptake or its intra-
ellular release for the endothelium-independent vessel relaxation
nduced by BuOH fraction of Scutia buxifolia two protocols were
arried out in aortic rings without functional endothelium. In the
rst protocol, after conﬁrm the absence of relaxation induced by
Ch, the regular PSS was replaced by depolarizing Ca2+-free PSS
60 mM KCl instead of calcium). The rings were allowed to stabilize
nder this solution for 60 min  and were incubated with 10, 30 or
00 g/ml of BuOH fraction for 15 min. In the presence of BuOH
raction, cumulative concentration–response curves for calcium
hloride (CaCl2, 10 M to 100 mM)  were constructed. The effects
f CaCl2 in the absence of BuOH fraction were used as control.
In our second protocol, after stabilization in regular PSS, the
ings were maintained for 15 min  in Ca2+-free PSS, followed by
ncubation with BuOH fraction (10, 30 or 100 g/ml) and subse-
uent exposition to PE (1 M).  In the control group, the effects
f PE were checked in vessels subjected to Ca2+-free PSS without
ncubation of BuOH.raction.
raction.
 fraction.
2.5.5. Investigation of the role of K+ channels in the vascular
effects of BuOH fraction
These experiments were performed in aortic rings with
and without endothelium. After stabilization, the vessels were
incubated with a non-selective K+ channel blocker tetraethy-
lammonium (TEA, 10 mM),  an ATP-sensitive K+ channel blocker
glibenclamide (GLI, 10 M),  a voltage-sensitive K+ channel blocker
4-amynopiridine (4-AP, 1 mM),  or a large conductance Ca2+-
activated K+ channel blocker iberiotoxin (IbTX, 100 mM). After
15 min, the preparations were contracted by PE (1 M),  and sub-
sequently exposed to BuOH fraction (3, 5, 10 and 30 g/ml).
Time-matched control experiments were conducted without incu-
bation of any K+ channel blocker.
2.6. Statistical analysis
The results are expressed as mean ± S.E.M. of 6 or 8 experiments.
Statistical signiﬁcance was  determined using one-way analysis of
variance (ANOVA) followed by Bonferroni’s t test, or Student’s t-
test, when applicable. A p-value less than 0.05 was considered
statistically signiﬁcant. The graphs were drawn and the statistical
analyses were performed using GraphPad Prism version 5.01 for
Windows (GraphPad Software, San Diego, CA, USA).
3. Results and discussion
3.1. Relaxation of rat aortic rings by crude extracts and fractions
of Scutia buxifolia
The ﬁrst relevant ﬁnding of this study is that crude extracts of
leaves and bark of Scutia buxifolia, as well as its fractions, are able
to induce in vitro relaxation of rat aortic rings. Addition of crude
extracts of bark and leaves of Scutia buxifolia in PE-contracted rat
aortic rings resulted in a maximal relaxation of 57.1 ± 12.9 and
57.2 ± 17.6% in endothelium-intact vessels (Fig. 1A), which was
reduced to 43.3 ± 5.5% and 39.9 ± 7.1% in endothelium-denuded
preparations (Fig. 1B). Interestingly, excepting dichloromethane
fraction of leaves, that presented poor relaxant effects, all other
fractions of either bark or leaves of Scutia buxifolia were able
to signiﬁcantly relax both endothelium-intact and endothelium-
denuded aortic rings (Table 1). However, the potency and proﬁle
of relaxation elicited by each fraction were quite different. For
instance, at 30 g/ml AcOEt fraction of bark relaxed the vessels by
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Fig. 1. Relaxation of rat aortic rings induced by crude extracts of bark and leaves of
Scutia buxifolia. Responses obtained in endothelium-intact, indicated by E+ (A), and
endothelium-denuded, indicated by E− (B), rat aortic rings. Results are expressed as
mean ± S.E. of mean of 6–10 experiments. Statistical comparisons were performed
using one-way analysis of variance (ANOVA) followed by t-test subjected to the
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Fig. 2. Concentration-dependent vasorelaxation induced by fractions of bark of Scu-
tia buxifolia. Cumulative concentrations of ethyl acetate (AcOET; A), or butanolic
(BuOH; B) fractions, were added in PE-contracted rat aortic rings. E+ and E- indi-
cate endothelium-intact and endothelium-denuded preparations, respectively. The
results show the mean ± S.E. of mean of 9–11 experiments. Statistical comparisons
were performed using one-way analysis of variance (ANOVA) followed by t-test
subjected to the Bonferroni correction. * and # Indicate a value of p < 0.05 for E+onferroni correction. * and # indicate a value of p < 0.05 for extracts of bark and
eaves, respectively, when compared to the maximal contraction obtained before
ts  addition into the bath.
60% in an endothelium-independent manner, while at this same
oncentration the BuOH fraction of barks almost fully relaxed the
essels (Fig. 2A and B, respectively). Importantly, statistically sig-
iﬁcant relaxation (p < 0.05) has been reached with concentrations
s low as 3 g/ml when the aortic rings were exposed to fractions
btained of bark of Scutia buxifolia (see Table 1).
Although in this study we had not focus on phytochemical
haracterization, chemical constituents of Scutia buxifolia had been
reviously described by different research groups, that found alka-
oids (Menezes et al., 1995; Morel et al., 2005; Maldaner et al., 2011),
nd several polyphenols and ﬂavonoids (Boligon et al., 2009a, 2012)
n fractions obtained from aerial parts of this plant. Importantly,
ur experiments were performed using extracts and fractions from
amples collected in the same season and location that the one
tudied by Boligon et al. (2012).  In their study, the authors per-
ormed a phytochemical screening for all fractions investigated
n the present report. Interestingly, some compounds were found
n different fractions, such as the ﬂavonoid rutin and the alkaloid
cutianine-C, that were detectable in both n-butanolic and ethyl
cetate (from leaves and bark), but not in dichloromethane frac-
ions (Boligon et al., 2012). With exception of dichloromethane
raction of leaves, all other fractions tested presented someand E− arteries, respectively, when compared to the maximal contraction obtained
before the addition of AcOEt or BuOH fractions into the bath. * Indicates p < 0.05
when compared to E+ rings.
signiﬁcant degree of relaxant effect on rat aortic rings. We  can-
not suggest that the vasorelaxation observed in our study relies
on speciﬁc components already found in these fractions, but this
possibility deserves further investigation. Importantly, the chemi-
cal similarity found among the fractions may explain why  different
fractions were able to relax the aortic rings, with different maxi-
mal  effect and potency, since a crucial aspect of phytomedicine is
the synergic action observed when two  or more compounds are
associated.
Taken into account the highest potency of BuOH fraction of
barks, its partial dependency on endothelium to promote vascular
relaxation (Fig. 2B), and the popular usage of barks of Scutia buxifo-
lia for medicine purposes, the next part of this study was conducted
only with this fraction. Importantly, after removal from baths, nei-
ther extracts nor BuOH fraction impaired the ability of rat aortic
rings to contract or relax in response to PE or ACh, respectively
(data not shown).
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Fig. 3. Lack of inﬂuence of membrane receptors antagonists against BuOH fraction-
induced rat aortic relaxation. The muscarinic receptor antagonist atropine (A), the
bradykinin B2 receptor antagonist HOE-140 (B), and the histamine H1 receptor
antagonist pyrilamine (C) were incubated 15 min  prior to addition of BuOH fraction
in PE-contracted arteries. The results show the mean ± S.E. of mean of 6–12 experi-
ments. Statistical comparisons were performed using one-way analysis of variance
(ANOVA) followed by t-test subjected to the Bonferron correction. No statistical
differences were found.
Fig. 4. Blockage of BuOH-induced relaxation by L-NAME and ODQ in vessels with
functional endothelium. The non-selective nitric oxide synthase inhibitor L-NAME,
or the soluble guanylate cyclase inhibitor ODQ (A), or the cyclooxygenase inhibitor
indomethacin (B) were incubated 15 min prior the contraction of aortic rings by PE
and exposition to BuOH fraction. The control group shows the results obtained in
vessels not exposed for any inhibitor. The results are the mean ± S.E. of mean of
9–12 experiments. Statistical comparisons were performed using one-way analysis
of  variance (ANOVA) followed by t-test subjected to the Bonferroni correction. *
Indicates p < 0.05 for all points when compared with the control group.
3.2. Mechanisms underling the vascular relaxation induced by
BuOH fraction of barks of Scutia buxifolia in endothelium-intact
rat aortic rings
The incubation of atropine (a muscarinic receptor antagonist),
HOE-140 (a B2 bradykinin receptor antagonist), or pyrilamine (an
histamine H1 receptor antagonist) at concentrations enough to
signiﬁcantly reduce the relaxation induced by ACh, bradykinin,
or histamine, respectively (data not shown), did not change the
vasorelaxant effect of BuOH fraction in PE-contracted aortic rings
(Fig. 3). Muscarinic, histamine and bradykinin receptors ﬁgure
among the most abundant endothelial receptors in the vascu-
lar system. It is well established that the vascular endothelium
through release of vasoactive substances, plays a central role in
the control of vascular tone. The main endothelial mediators that
induce vascular relaxation are PGl2, NO and endothelium-derived
hyperpolarizing factors (Moncada and Vane, 1978; Furchgott and
Zawadzki, 1980; Feletou and Vanhoutte, 1988). Although differ-
ences exist when distinct vascular systems are studied, all these
mediators are constantly released in vivo by both shear stress and
endogenous ligands such as acetylcholine, bradykinin, histamine
and others. NO has been considered the most abundant and impor-
tant endothelial mediator. Endothelial cells synthesize NO by the
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Fig. 5. The BuOH fraction of bark of Scutia buxifolia has no effects on
contractile responses of rat aortic rings to phenylephrine and calcium. (A)
Concentration–response curves to PE in the absence or after incubation of BuOH
fraction for 15 min  in regular physiological saline solution (PSS). (B) CaCl2-induced
contraction in before or after incubation of BuOH fraction for 15 min  in depolar-
izing PSS. (C) PE-induced contraction of vessels maintained in calcium-free PSS in
the absence or after incubation of BuOH fraction for 15 min. The results show the
mean ± S.E. of mean of 6–11 experiments. Statistical comparisons were performed
using one-way analysis of variance (ANOVA) followed by t-test subjected to the
Bonferroni correction. No statistical differences were found.
Fig. 6. Lack of effects of potassium channel blockers on BuOH fraction-induced
relaxation in endothelium-intact rat aortic rings. The non-selective potassium
channel blocker tetraethylammonium (TEA; A), and the ATP-sensitive potassium
channels blocker glibenclamide (GLI; B) were incubated 15 min  before the addition
of  BuOH fraction in PE-contracted rings. The control group shows results obtained
in  vessels not exposed for these blockers. The results are the mean ± S.E. of mean of
9–12 experiments. Statistical comparisons were performed using one-way analysis
of  variance (ANOVA) followed by t-test subjected to the Bonferroni correction, but
any statistical difference was found.
action of endothelial nitric oxide synthase (eNOS, also called NOS
III) and, once produced, it diffuses to smooth muscle cells and acti-
vates the soluble guanylate cyclase enzyme. In vascular smooth
muscle cells, guanylate cyclase converts the nucleotide GTP  to
cGMP, which stimulates cGMP-dependent protein kinases (PKG).
PKG phosphorylates a number of intracellular structures, resulting
in vascular relaxation (for review see Moncada and Higgs, 2006).
As shown in Fig. 4 the presence of L-NAME, a NO synthase
inhibitor, or the soluble guanylate cyclase inhibitor ODQ, reduced
BuOH fraction-induced relaxation by 66.5 ± 11% and 81.5 ± 10%,
respectively (Fig. 4A). Incubation of indomethacin, an inhibitor
of cyclooxygenase, did not change the action of BuOH fraction
(Fig. 4B). Thus, based on the inhibition of BuOH-induced aortic
relaxation by L-NAME (a non-selective inhibitor of NO synthases),
and ODQ (a soluble guanylate cyclase inhibitor), the second impor-
tant ﬁnding of our study is that activation of NOSIII in endothelial
cells, and subsequent stimulation of guanylate cyclase in vascu-
lar smooth muscle, is the main pathway involved in the relaxation
induced by BuOH fraction of bark of Scutia buxifolia. Importantly,
we also demonstrated that the release of nitric oxide stimulated by
BuOH fraction does not involve activation of endothelial receptors,
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Fig. 7. Diminished effects of BuOH fraction in endothelium-denuded vessels after incubation of potassium channels blockers. Tetraethylammonium (TEA; A), glibenclamide
(GLI;  B), 4-aminopirydine (4-AP; C), or iberiotoxin (IbTX; D), were incubated 15 min  before the addition of BuOH fraction in phenylephrine-contracted rings. The control
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sing  one-way analysis of variance (ANOVA) followed by t-test subjected to the Bon
uch as muscarinic (type M3), histamine (type H1), or bradykinin
type B2) receptors (Fig. 3).
.3. Mechanisms underling the vascular relaxation induced by
uOH fraction of barks of Scutia buxifolia in
ndothelium-denuded rat aortic rings
As aforementioned, the BuOH fraction also relaxed rat aortic
ings without functional endothelium (Fig. 2B and Table 1). This
elaxation was quite smaller than in endothelium-intact vessels,
ut still very signiﬁcant (35–45%). Although the pharmacological
pproaches carried out in our study did not abolish the vascu-
ar effects induced by BuOH in endothelium-denuded rings, we
o demonstrate that in regular PSS, the concentration–response
umulative curve to phenylephrine did not change after incuba-
ion of BuOH fraction, even when increased concentrations were
sed (Fig. 5A). Thus, it is reasonable to suggest that BuOH fraction-
nduced relaxation in endothelium-denuded aortic rings is not
elated to blockage of alfa-1 adrenergic receptors.
In endothelium-denuded rat aortic rings, the pre-incubation of
uOH fraction did not reduce the maximal contraction obtained
n response to Ca2+ in depolarizing PSS (Fig. 5B), nor PE in
a2+-free solution (Fig. 5C), even when high amounts of BuOH frac-
ion were tested. Thus, it is reasonable to afﬁrm that the relaxant
ffect of BuOH fraction cannot be related to any action on extracel-
ular calcium uptake, or to changes in calcium mobilization from
ntracellular stores. In calcium-free PSS the contractile effect of
henylephrine occurs through activation of phospholipase C and
ubsequent production of IP3, which in turn acts on IP3 recep-
ors present in the sarcoplasmatic reticulum, releasing calcium (e.g. mean ± S.E. of mean of 8–12 experiments. Statistical comparisons were performed
ni correction. * p < 0.05 when compared with the respective control group.
Guild et al., 1992). Although we  have previously demonstrated
that alkaloids may  cause vascular relaxation impairing intracellu-
lar mobilization (Rattmann et al., 2005), it does not appear to be
applied for the action of BuOH fraction of bark of Scutia buxifolia.
Fig. 6A and B shows the lack of effect of TEA and glibenclamide,
respectively, on BuOH fraction-induced relaxation in rat aortic
rings with functional endothelium. On the other hand, in endothe-
lium denuded aortic rings pre-contract by PE, the non-selective
K+ channel blocker TEA (10 mM),  as well as the ATP-sensitive
K+ channel blocker glibenclamide (10 M),  the selective blocker
of voltage sensitive K+ channel 4-aminopyridine (1 mM), and the
large conductance Ca2+-activated K+ channel (BKCa) blocker ibTX
(100 mM), were able to partially avoid the maximum relaxation
elicited by BuOH fraction (Fig. 7, panels A, B, C and D, respec-
tively). It is well known that membrane potassium channels are
involved in the control of vascular tonus, and are a potential target
for anti-hypertensive drugs. Endothelium-derived products, as well
as protein kinases, among others, can control or modulate K+ chan-
nel, regulating the membrane potential and cellular excitability.
The efﬂux of K+ causes hyperpolarization closing voltage-operated
Ca2+ channels, and decreasing Ca2+ entrance, that promotes mus-
cle relaxation. Opening K+ channels in vascular smooth muscles
cells has been used as a therapeutic strategy in the management of
human hypertension, by administration of drugs such as minox-
idil and hydralazine. In addition, the vascular effects of diuretic
drugs such as thiazides are putatively attributed to K+ channel
opening. Taken into account the similar effect of all K+ channel
blockers tested on BuOH-induced relaxation, and the high selec-
tivity of iberiotoxin for BKCa, the third important ﬁnding of our
study is that BKCa plays a pivotal role in the mechanisms involved
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raction in rat aortic rings. However, our data does not allow us to
xclude the importance of multiple K+ channels on this effect.
. Conclusions
Taken together, our results demonstrated that a BuOH frac-
ion obtained from bark of Scutia buxifolia is able to induce
oth endothelium-dependent and -independent relaxation in
solated rat aortic rings. The mechanism of endothelium-
ependent vascular relaxation is fully related to activation of
he NO/cGMP system. In addition, the direct activation of K+
hannels in smooth muscle cells accounts, at least in part, to
he vasodilatation obtained in preparations without functional
ndothelium.
Despite the pharmacological ﬁndings described in this study
ay  be an important step for validation of the popular usage of
cutia buxifolia as a phytomedicine in the treatment of hyperten-
ion, our study was performed using an hydroalcoholic extract and
erivative fractions, which allow us to found a promising effect
hen the BuOH fraction was tested in in vitro rat aortic rings. Sub-
equent studies must be carried out to investigate if the aqueous
nfusion of Scutia buxifolia, that is popularly used, preserves the
ame kind of effect. Moreover, both the efﬁcacy and safety for acute
nd chronic usage of preparations obtained from Scutia buxifolia
emain to be investigated.
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